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[*£«] mmm 

0 mM 7 7 -i KXM £ H«©*tt&3ftK4#tt L#£ <fc 5 JSlfc b 
JtlH^I^©M«-S:M*f3:*;i/^-^S^^< i:*) 1 . 5 k J/cm 2 II 

Mcj:yjg&^#4>£< £=&3 o v.mnmiz&z> £?izm. 

m&m 3 ] 2 cfe v>t. 

• SI^©MtifJi^>n/^f-^S:IIW^^ 1. 5~4. 0 k J / c m Z 0)mm<D 

HI ##4 ] m #3g 1 lCfcV>T, 

^^$tife^7T-<^$:> ±SB2/y > K'J # /I/ u > Ky * 
/Ul/>X©i«U&fc©lffl©fMT**oT, ±132/ y > K y fc/l/U^XtC <fc U ±Kfc 

j^jc i& w x m% s ti & m#> m © t? - a / \- # - y © w &s tt« k. % m m & «> £ 
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A/ u > x© & £ £ © is © &fi t & o r , _t IB 2/ y > k y * /n/ > x jc * y _hia& 
a jc w- t myt s ti s m © t? - a j \° # - y © ^ g \z & g m & -g- «> ^ 
A^e-rs <fc ^ icsh^s 

£z>izmmt2> 

r h & i: 5 -7 r >f * V U - 5=- 4 y PcDftmJy&o 

rtS:Mtt577>fA^l/-r-f >^©#Sg^ e 

»^ii**f^©3Ti: bt, G e IZMZ-'P& < £ t> S n K-ytt#e> 
^t^fttS77^A^l/-f'f >^©f^Sg^o 

^TWkmtt'p-&<n%z o fimmmiz&z&oiz&mmzisymzi- bizzy 
mmist^ ^<D&mm(nftmfrhimftm*:'pti: <£.*>!. 5kj/cm 2 is 
omm^* K^r-mmx-mm z. tizzy ±myt?T -r /mma> ^ r izm v v 
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[0 0 0 1] 

b # 5t © }fc £ £ tif 2 1* £ "5^ >f * % b < 14 7 ^ # h b T ffl V \ tl § 7 

[0 0 0 2] 
0 [3£*<Z>&ffi] 

©#*IS>*ITV^ (iAH #H^6-2 3 5 8 0 8^i, #^7-140 
3 1 #^2 5 2 1 7 0 8-if#M) „ Z<D J: 3 & 7 r-f ^ b-^-f 

(Ge ) £ K-^bfcSHtf^X (^7) iCfcfbnfc 
- 1/ > h ftf&ft V — if - ft £ MM~?2> Z. H lz J: »; ^^mmtc^m^JB^f «ffc 5: 

[0 0 0 3] 

[$aw##a b J: ? £ t *mn 

2 *i ^ © t* & »j , r ©e#r m&mo mm^mmwi & mt ztzzzlhiz 
i:bT^&e>tisii^^©r fciibt, ^•rtuDm&izm^2>wr&T*2b-ox : bffi 

[0 0 0 4] 

b b . £iiJ£;*l*J:e>£-r££ &*Sl$&S4#44#«l«: \z & y * *i £ 

tttffctt ic ft s £ v x e> <fc e> ic, h ttttfitt&ft tftt £: * M5i $ * « © ttJS* 
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[0 0 0 5] 

c $> mtmmtmto^ \z&& nmm 2 n t=. % © t- % y , gt^MMt* k «t 
y ±ib^ i/— r-w > yzwg&tuzi*. ±mo 2 v < * 

^ T^lc^©MSM^55^lc^Uff«^fftonS3i:lc^SA^ S*«fefr^ 
^iigfirrsrfcfcfcy, *^^^m«g^ic^^§^t©^MC J: y ^77 

4 jmmz&iktfmftLxfcm&&<DMitzm<&*fttf2b2> 0 *<d±.iz, ±m 

9^^MM^&(D^.mm(D^it%yT>(AmmizM-t^mmm±(Dt^ii>izm 
ffim^mT*izte < wz-i*m&iz j: y t. v> e> ^ft^^sic £ y ton, 

[0 0 0 6] 

mmz&£?2><DT*iz&<. &mm*mm^&m\z\^£>\$>z>4y : 7 4zs\zxi/> 
?)\,njb7.\z&z>y\s-T4 3£fcfctt*e>nT^<&#, z. 

<DWr&lZ&^ -tga©^I3^^^btt^C^V^i:©^IB^SnTV^St^©0D (V 
. Hagemann et al , Mechanical resistance of draw— tower — Bragg— grating 
sensors, Electron. Lett. , 34, pp 211—212, 199 8#J8Q , &4t 

mmmz&z>m$tmmM<Dm&^&m,<. -en^jsLT. mm^n^^u- 

[0 0 0 7] 

^si©«tfeot%, *<D&mmz\&3kLte\,^x*&mm<?>9\>mfr 
?>MKm*:mMTz>zL£iz£vyu-T4 >y<z>mi*&fritmmzft$\z\z. m 
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y*s"rj \±t4) z.nifi%x.bnz>. z^yyth^yi/^^^^-^^ 

%\zrjL2>nm<Dmm zv^nsmm atm^mm^m^ia. 5-2. o%ic& 
zmm&mm) ©Ge zF-7°vfcnTzm^z>i)\ t»b<«, 3®sas©Ge 

m*mmmm¥£m$:mvoi.j79-c-i , No.n , 415 s, 1 9 9 6^1 m^m 

[0 0 0 8] 

v \ x-m^mmM * ws.m <d tt-m-fr ^n^zn &m * l v % % © © . ©*mhj 
# tffii^# h & & _t ic, ^^jf j: Saras & mm b t *<j>wmm * & 5 ^ < 

[0 0 0 9] 

3?-*2b$LV*%<-t2>£±mnmm£foa> j ry>fm<D&m (mmv&m) ict 
, mz&m&it*fB< ztiztez. z.(D&?iz. w&v>y-7^ Kfxs-T-jyf 
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©ftUR tc ^ v% x & iRLh $ * * _t T*fci£#4£ t m*m&8m& noma 

[0 0 10] 

m y ^ t >f a y i/ ^ > y&of*©f^jR*a5 fcs«-r « r £ fc$>s 0 

[0011] 

•T £ 3 1 iz J: y «,RJ#*s©«*ifce2|fttt & W b^o _hiB»Wi @ #©3ftft#ffc 

k J / c m 2 mmz 2> J: 3 fCfr -5 £ £ 5 * © T* & 3 „ 

[0 0 12] 

*«ratft#tt &*8# L#5 <fc e> It*, JfcSB©M#:n * /i/ 
*C*WMI©J«at & ff 5 d £ IZ J: y #£fc*fchfc© n 7 izM UiftS#*©*tife-e 
&Wtt©^l/-7--r a»o, # ^*##;&tfttMJC 

*£b#£z:£ic;&£ 0 >^©»£»*ifrfcjff5£©jp»©«« 

>^©**£jg#«rfgK:&£ 0 77>f A^lx— >y©£&;fl^i: it 

6 ffiSE#¥ 10-3103872 



10—1 12259 



i77-f/^b-T>f y>f£. ijgioo~5o o nmmm<Dmmmmm^mM 

[0 0 13] 

A^i^T*fetlliMA-li3 7. S/ttmiiV^J:^;: 30—40 ^ m©)lff <DWiM.M 

<, ^*b<l±^SM<D-Y>y^if^^m^HlcWr&Ji^l. 5—4. 0 
k J/cm 2 (D|gHrt(D j fitlc^tiliJ:v> 0 £ fc, JtiBtf) *;i/=¥-^S^<£> 

0 [0 0 14] 

® tc - & a z. £ & < ffife(Dm%immT*i%-\zm$i -r z> z. n #«rtB ic & 
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*f#^ 10 — 112259 



[0 0 15] 

e KZ#D;i4>& < £ S n£#lc K-:/LT#e>;rifc:fc<Z>£:;g^S r £Kl<fc y , 

^i&BUBum© (l) sstcky^stu a. B&s«"T«Sftf*RB 

1* (2) 5«JCJ:y*Sti*. 
[0 0 16] 

^ IB = 2-n-P (1 y 
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[0 0 17] 

RB = tanh 2 (7C -L- An* 7} / TLB ) (2) 

An : mvt^&mft 

0 [0 0 18] 

h\zt£Z> B Z.ZWZZ: »j, JtK«a«jif*©3fc7 7>fA^Hi: 77>f^U-f-f > 

G e K- ^SO^lCiS H'T S««fRt9Sc<Z)i||* £ 
DSZii:{i^v\ ftf|j&@^^t£^*£i*£fc&Clfi^^crjGe £ 

©^^7 , r^iz:©J;e>>&^ls-a'*^^szlh^i3&v^ 0 _tiE<z>G e jcflnATft K 

OiS^fcttLTt) J:V* 0 £MC, WjtfcTfet/tfA (Ce ) % -J^MitVfJi* 
(Pr ) til<ttf;i/^A (Tb ) ©#a^M7dm©P^©^a : feb<^«J^ 
JtfcGe K-^l/Tfc *V\, * fe, _hlB©2K3R*««:ff T%, -LIB© 

iric B£|^&ig £ Pk iz * D 5 £ JCjEH-r £ 9 Is - *r << > 

9 10-3103872 



#}Z 10 — 1 12259 



[0 0 19] 

fifli-e $ot, ±« s/ y > k u * ^/ u > x k: j: y .lib *tu& ic w t *3fc s ft * at 

[0 0 2 0] 

_fcffi*2©3fcin©#-k, s/y > Ky *;i/u>xicj:ym^b^^S:»^^ 
it±m*/v > Fy j: yii3tsnfei»ja&«T^»©m#*a!*«« 

#„&&glc*fLS%>j£v^g£&y, if- AA*->©|* 
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[0 0 2 1] 
0 [0 0 2 2] 

[0 0 2 3] 
[0 0 24] 
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[0 0 2 5] 

m i *&m<Dmmmmiz&z> 77^f;^i/-fo #fmj5&a>mm**i 

M^S©^7f>f/m 2ti^^y^l^-^-f >^ (Bragg Grating) 2 
[0 0 2 6] 

0 Sn WA1 , % b < Sn, A l&tfB© K~^> h SrSsfltJbfctj© 

i©)t7T>f/ti: tt_hlB^ 77^ A£WK 1 $ *l £ g^*f 3fc 77>f 

7titN»© £ T? & »; , ^©,1:^^7 7^ /XiMiR tt-fc© n T lc*f b Jt JB*r*l£# 
0. 9%£.&Z>nm<DA<DGe # F-^nTSgjtSnfc^CET'&So fit, 

(JfcMfS|SH#0. 9%i:^Sill0i) 0Ge fCjrn^., IKftl OOOOppm 
JKJt, ^KH:iSlOOOO~15OOOppm0Sn, 3tV>(4, ^©J;^ 
&lt©Sn &tfii^l 0 0 0 p pmJ64T©Al^t&*F-y't-tltf J:V^. _k|B 
<D F-7ttLm*<D&tm<D%mKJ: VffjL\*&<. m^MWLBkK^ »Jf?^*-&K:tt 
© „ -tfBGe ^Sn (Dit&m (Sn 09>UiSn C12 - 2H2 O) 

[0 0 2 7] 

(M>ttf2 4 0 nm~2 7 Onm0iSg§) &4"&< £ *>©T*&*1 

1 2 ffiSE#¥ 10-3103872 
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&&&& y =fcMv^«^^^ttSv^«^T*l±^^ftMT**>S J: e>3&^fl|{C 
<fc yJifB&SM 4 Lv% 0 e>&*§f fig £LT«. >7l/ 

*>&T9 V V- h&L<i*Ji#3ci/&T? V I/- MC*f 2 4 0 nmi 

y%)JBv*$ft*«*fctt2 7 0 nm«fc»J % > «V^fidS5©^|RS:S»T*flSiRlS& 

[0 0 2 8] 

Mm tc # ic n r 2 fc m b ^ssassi & fj -5 © t>^mm mm mmit z-m&z>±T*&$. 
»«k:a4i, ^»««ceeii2 omp atf>jE;frTT*^2®igMS'r*iw:<J:v<> 0 

[0 0 2 9] 

iicfc<, «^.tififfl'7^^i56K:j:yff^#l-&ictt, 0 2 ictfs$g^g<z>#i5:^'f £ 

ffiY^^5{CMLNd-YAGb-ifH6^e.Mi«-f®4Mfi (4co) 7?& 
§2 6 6 nm©3ll--l/>h^U--!f3t€:S/y>Ky*^/l/>X*7JCj:yi| 

l**«£&*ftSdi:fc:3&<5. ®2t£8te^^l/-lf3fc£|£:fcLT¥fT^ 

©as^&fljym-riK/jNfi^^y * k 1 ott_ts*7r>f^ii 

1 3 mfflE# 5 F 10-3103872 
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[0 0 3 0] 
[0 0 3 1] 

/cm 2 mBttC3&S<}:e)lCffe)o ZltUCfc y, &SJ14 ©*|>fl!jfr I/— If ft 

©fif$Sif$:f?3^ric, f©tgl4inf^3 o Am&_ti:v>5frfc»;^l2a©m^ 

[0 0 3 2] 

inx-T, H3lC^-TJ:-5lc#^5i»^Oft7T>f A^l > 
1^>X^7 JCfc ymft^tLS^l/-1fft<Dtf-A7\ 0 ^~>B P{C*fb#)£<Z>& 

til ©£ttfr*_tgB^-A7\°#-> B PCDftStC-gmU fro, ^®3i67 7>fA^ 
tRl ©&SM4©^Mffifr-fciB^-AA#-->B p©^c^-rs«fce>icjiiH 

&j&8gttL 1 fr* 1 0 0 mmOi^C, ^#2 OOjit m©ft^ 7 >f Afrlft 1 

ifcgi ©^ttfciigBi^-AA^-^B p©iWic&g##£z:i:lcJ: _tgB©& 

^m^m±v. fro, z<D&$%&m£it<Dm£.*ffi±ism2>mmT~mz)mM^ 

1 4 ffiH^ 5 ? 10-3103872 
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5. 

[0 0 3 3] 

l^M^tgl4 • Ml 

[0 0 3 4] 
[0 0 3 5] 



JtJH*f*8fc A (%) 


0. 97 


S n (ppm) 


15000 


A 1 (ppm) 


900 




5. 55 




1270 




125 




200 



[0 0 3 6] 

V AD&£.m&&£<DWmK£Vmi%mm<DG eKLf&V 1 5000ppm©S 
nt9 00p pm©A 1 K-^bfenyjtf^x&flsJRu r®Mffllc^7 

#flf0 tU SI£ttV*T£©3fc:77>f AjfcMU' Kl**bS'>iOl/=i-hK:J:y9S 
^i»J85ia^©aR^»«fl:»fll^:«^^TKJ^3 7. 5 /em<attKJV4 fcJgf&bTft 
77>fAi&||16ff8Lfc. 3©)l77>f /tif>*l ©it@*f^||AliO. 9 7% 
* i E- Kffitt5. 5 5nm, *yht7$|ttl 2 70nm, * ^ y 
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(Dftm) li2 0 0/tmt^,S o f bt> 3O3t7 7-f;U^U2 0MPa©l 
ffiTK^ i&^a t fc«f^*»tfxK:«& 2 »ft$f A-t £ d £ IZ J: »; ±fBft 77>f A A* 

[0 0 3 7] 
(S n# K-^JC«fcSS»4W£«H) 

nT2lc#bGe © K-^MSa^jRafjc Loo* Sn K-:/T<& £ JC 

J: *J 3fe*S®*r«fc©i|?:*#£ U S r £ ft, y 1/ - ^ -r > 

o 

[0 0 3 8] 

<53SS©4) ©Ge tlOOOOp pmCDSn £ £^ K— -f Lfcfift&E - 1 
w*UC#Lc! £> JC _fc3B©WJE*jR3fc« & J6 L fcgfriSf- E — 2 Jiffi 3 7 2 {C*f L 

• *S|£A#2. 0%»C«;«Sfig<Z)J|) ©Ge K-^Lfc«»H- 1 fc, 3*1 

[0 0 3 9] 

-fcffi©6»B©tt*3FE-l, N-l, H-l, E-2, N-2, 
[0 0 4 0] 

GelCj&U^Sn &*K-^«rsifcJCj:y, »*M^Ge ©*fc 

1 6 ffi$E#¥ 10-3103872 
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[0 0 4 1 ] 
[0 0 4 2] 

0 &33, J:iB©ta*E- l&tfE-^iCfcV^ ^ K-^-T 3 S n <Z>a^£-fclB 
0>#I< 1 0 0 0 0 p p m"eii&< 1 5 0 0 0 p vmlZLfcWi&lZjS^T : h. MR 
M^k<D%jmZl 0 0 0 0 p p mJC I fci^tB^H^T'fe o fc„ 
[0 0 4 3] 

hJC#UH-©«»*fr-efla»3:*^^r-«a! : kJ/cm 2 ) r 0 

j, ri. 5j , rg. oj ©3SISK:3gftS*T^»S:M»bfe»^©«* 

♦ [0 0 4 4] 

®6icfcv^. d o &mMx-*ft3f-mm& r oj „ -r&fc^> $k*mr©#jib 
r 9. Oj ©ts^sr-eft^nav*. 

[0 0 4 5] 

6 ttS2 5 0~3 0 0 nm©«H , ett±K®D 0, Dl, D 

2 tt^UCPRft^tf 1 . 0afic^T***J, »»I*^-«R««D1<D Fl. 5j A 
tfD2© rg. oj 4i^3Siiyi«V^»^Tft»««2 7 0 nm#jaii l&T 
&ofc D iot, lgl40^»^©*J<^2 6 6 nm©M^-^ 

1 7 m!I#¥ 10-310 3872 
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[0 0 4 6] 

$&ft-Mytm.£LT. 10 0 mW, /t;i/X<g# 50ns, AJV 

xmt&WCtfl OHzONd -YAGl/-if^6 (02#M) £JgV^„ 3©N d 
-YAGl^-if©4^ST**>^ 2 6 6 nm©MU-f 3fel:^7 7>f;1Ml 
lC*fLKSM4±T*miJ3:^;i/^-^^l. 5 k J/cm 2 i;&£J;e>fCflgaf 

$:«M4©^M®^^-r53^lC^S&Slc@H^bfe„ 
£ * 7 -tlZAtttttlZ^ms-W-ltl OmW, *#2 0 0 /tm©^77>f /ti&lft 1 
icmiif-$n€.^^©vf^tt^2mm (7 T-f Aflj^r fa) X^JO. 2mm (7 
7>f A##|pg) T'feSo -kfBfitfT^X* 7 £ LTfcM&^fcfy^tfl 0 6 5 n nu 
fiS^2 5mm©%0^^fc o fit, «T»5$S ^- 1 0 £>^lCjgjg|LT 

*f*fU-T-< >^2 1 ofcc 
[0 0 4 7] 

071C^-T O r©S7fCj:tl«, (|»M*1 544. 6 n mtCfc ^T«*M£M$S 
P ^9 9%g±, (FWHM) #0. 14nnu f">f Kn-7*t»^« 

[0 0 4 8] 
(*W3tfl!) 

K-^T*f^ig b £#ffc © 7 t >f A y 1/ - ^ ^ > ^* lc o T £ Mj£ b 

fee ^©^l|l<Z)y>f :/;v#^£@8lc^- 0 fflJt&OftMO&fttt 2 2 

t:, IItt5 0%RHJC«»Lfc. 5Fo5Ry*frtt^~s;«a5&l 0 0m 

m, 5bI»JJiI?:l OOmm/mi ni:t^„ 
[0 0 4 9] 

±K©H8KlJ:tiJf, ttffi9ftff<Z)«:*;ittt5. 42GPa, */Jvtttt4. 4 0 

1 8 ffiH4#¥ 10-3103872 
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GPa, ^ffitt4. 9 0GPat'*U. 7 7>f U-f>f >^©g^tt- 
[0 0 5 0] 

Stfir£J&l^£©«t*#fco^T. ±i2©®l^&g<Dira5£K:;J3tt5 3lo3gy SKIS 
[0 0 5 1] 

5^ >^)»«<B*#««tt2 0T*&ofc„ 
[0 0 5 2] 

[*2] 









23 




20 



[0 0 5 3] 

%^M±fa£>l^©&v^^ifc£^LTV^ 0 _tfB<£>:7 7-f /1^l/-'X- 

^ > > ^©»«5^«n? & 5»ffl;©$HBM3fe7 7 >f rtfoML<D&#m$LliZ 2 3-24® 

[0 0 5 4] 

m 2 ) & TOj , T3. Oj , F7. 5j t L/fe^0fgl4 (D^y^mCDM 

1 9 ffiffl:*^ 10-3103872 
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bT, Zltie>©MSS^4 a, 4 b &_hlB7T-f Afft^lC^- 1 5mm 
> 5loSS*J^Sl mm/mi nT6loSg*J, 2. 5 %#^^CD5lo^*;^^^-Y 

[0 0 5 5] 



mitW^dnin) 


0 


20 


50 


figttx**** (kx/cm 2 ) 


0 


3.0 


7.5 






459 


540 


601 




459 


533 


540 



[0 0 5 6] 

MOD 4 5 9MPa*e>3. Ok J / c m 2 <DMM3L* fr3?-mmX*mM~f2> ZL H 
(Cj:y5 4 OMPa^tif^U 7. 5 k J/c m 2 ©IMx^^^r-^t*!l 
M-tZZlilZJ:*) 6 0 IMP ai;T**t:*;-rS£^e> <fce>ic. -eti^til 7. 7% 
, 3 0. 9%<Z)if*££Cfc 0 — Mffi«g^4b©t>y$H ^ 
U—*fyt<D%.mM#lM<D4 5 9MP a*>f> 3. 0 kj/c m 2 <Z>MSt3^A'3r — 
^ST'TOfS IiliCj;»J 5 3 3MPa$ *??*tt:^: L/> 7. 5 k J / c m 2 (Z)flg|t 
^^-^-efl&iif-rszi^icj: y 5 4 OMP a *t?if>*cb, ■Zfr'eti 1 6. 

1%, 17. 7%tf>if*{Clta;ofco iot, &SJg 4 > ^©Jlf^SgftS 

^v*ii&#x*;i/^-fc£a>:rt/j>K:|ft#u Ml5f^ra<z)Migic#e)M*f3i*^df 

Mitai^^/^-aSlt^J: *;ifV^|tt&ffiffiff©^gM4 ICfcV^ «fc < mfth 
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